The present study determined simultaneously the behavioural, neuroendocrine and regional brain activity, using semi-quantitative analysis of c-fos mRNA induction, produced by 30 min of auditory stimulation at different white noise intensities (background 60 dB, 70, 80, 90 and 105 dBA), in rats. Only the highest noise intensities (90 and 105 dB) significantly increased corticosterone release after 30 min stimulation. Behaviourally, the 105 dB noise condition reliably reduced overall activity, and moderate noise intensities (70 and 80 dB) increased sleeping time. Three distinct patterns of c-fos mRNA induction were observed. First, following exposure to the experimental cages, a wide pattern of brain activation was obtained in experimental animals irrespective of noise intensity presentation, compared to the naive rats. Second, a number of auditory structures (cochlear nuclei, superior olivary complex, nuclei of the lateral lemniscus, inferior colliculus and the medial division of the medial geniculate body) displayed a clear intensity-dependent increase in c-fos induction. Third, compared to all other conditions, the stressed rats (90 and 105 dB conditions) displayed significantly higher c-fos induction in relatively few areas. Particularly intense c-fos induction was observed in the bed nucleus of the stria terminalis, especially its anterior medial and ventral aspects, the septohypothalamic nucleus, the ventral lateral septum, the ventral portion of the dentate gyrus, a number of hypothalamic nuclei including the lateral preoptic area, the medial preoptic nucleus and the paraventricular nucleus, the median raphe and the pedunculopontine tegmental nucleus. The involvement of a number of these structures in a specific audiogenic stress responsive circuit is discussed.
Recently, immediate-early genes (e.g. c-fos, c-jun, zif/268) have measured, as a reliable index of hypothalamo-pituitary-adrenal activation induced by a variety of stressful conditions, including been used as neuroanatomical markers to determine the pattern loud auditory stimulation (15) (16) (17) (18) (19) (20) (21) . In addition, behaviour was of brain activity and neural pathways associated with a variety monitored since previous studies have established that overall of stressors (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . The few detailed and quantitative analyses activity is reliably reduced by loud noise stimulation (19) (20) (21) . of immediate-early gene expression have revealed that physical
The data obtained indicate that a limited number of brain regions or psychological stressors (restraint/immobilization, forced swim are selectively activated in rats stressed with loud noise, as and fear) appear to activate a large number of brain areas (1, measured with c-fos mRNA induction. 11). Because many brain areas were commonly activated by the above stressors, these regions have been proposed to underlie a neural system reflecting a general state of stress. However, this Results conclusion might be premature because most of the above stress conditions cannot be controlled easily, and therefore, some of the Plasma corticosterone release evoked by the exposure of rats to regional activity detected might reflect processes that are not 30 min of white noise at various intensities, or in naive control specific to the specific stress stimuli employed. rats, is presented in Fig. 1 . One-way ANOVA revealed a significant The main goal of the present study was to use increasing eÂect of the diÂerent noise intensities, F( 5,18)=18.87, P<0.001. intensities of white noise to determine the specific brain areas, Post-hoc multiple mean comparisons ( Tukey) indicated that rats using semi-quantitative analysis of the immediate early gene cfrom the 2 higher noise intensity groups (90 and 105 dB) had fos, involved in audiogenic stress. Acoustic stimulation, which significantly higher plasma corticosterone levels compared to all can be graded from non-stress to stressful levels, was used to help other groups, but were not diÂerent from each other ( P<0.05). control for processes other than those directly responsible for No other diÂerences were obtained. audiogenic stress. To determine the stressful nature of increasing
The behaviour of rats from the diÂerent noise intensity conditions also showed reliable diÂerences, as shown in Fig. 2 . Mean auditory stimulation, the levels of plasma corticosterone were Fig. 5 for some areas in standardized scores (z) from the raw integrated densities. Presentation of white noise 10 or 20 dB above background level (70 and 80 dB conditions, respectively) produced a pattern of c-fos induction remarkably similar to the 60 dB background noise condition, except for moderately higher induction in some auditory areas.
Many auditory areas, including the cochlear nuclei, superior olivary complex, nuclei of the lateral lemniscus, external nucleus of the inferior colliculus and the medial division of the medial geniculate body, showed increasing c-fos induction with increasing noise intensities. Figure 6 illustrates all the auditory areas measured and the intensity-dependent c-fos induction relationship obtained in many of these areas.
Exposure of rats to noise intensities (90 and/or 105 dB noise conditions) which evoked reliable corticosterone release, resulted in additional but limited regional c-fos induction that was significantly greater than that observed in rats from all other groups (Naive, 60, 70 and 80 dB). These regions, depicted in Fig. 7 of the hypothalamus, median raphe and the pedunculopontine tegmental nucleus. Four brain areas from rats in the 90 and/or 105 dB conditions displayed reliable c-fos induction compared to the Naive, 60 dB background and 70 dB conditions; the lateral immobility scores were reliably diÂerent between the various noise intensity conditions, F( 4,15)=5.42, P<0.01, particularly septum (ventral ), supramammillary nucleus, laterodorsal central gray and the central/dorsal nuclei of the inferior colliculus. The for the last 20 min. Multiple mean comparisons indicated that rats from the 105 dB condition were more immobile than rats lateral nucleus of the amygdala, the superior colliculus and the laterodorsal tegmental nucleus from rats in the 90 and/or 105 dB from other conditions, especially during the last time period. Total active behaviours (sum of locomotion, rearing and grooming conditions showed higher c-fos induction compared to the Naive and 60 dB background conditions. Six additional brain areas behaviours) were also reliably diÂerent over the entire noise session, F(4,15)=4.41, P<0.05, particularly during the last 20 from rats in the 90 and/or 105 dB conditions, namely the nucleus accumbens (mostly shell ), ventromedial nucleus of the hypothalmin. This was mainly due to lower overall activity from rats in the 105 dB condition. The reduced active behaviours observed in amus, ventral posterior and oculomotor nuclei of the thalamus, dorsal raphe and the dorsal tegmental nucleus, showed reliable the 70 and 80 dB conditions could be attributed to increased sleeping time in those groups, as revealed by a significant c-fos induction only compared to Naive rats. The auditory nuclei of the lateral lemniscus were the only regions in which c-fos Condition×Time period interaction, F(20,75)=2.59, P<0.005. Rats from the 70 and 80 dB groups displayed significantly more induction between the 90 and 105 dB conditions was reliably diÂerent. sleeping during the last time period ( 25-30 min) than any other group, F (4,15)=12.35, P<0.001, but were not diÂerent from each other.
Discussion
C-fos mRNA was widely induced in the brains of rats decapitated 30 min following the beginning of diÂerent noise intensity Exposing rats to white noise intensity levels of 90 dB or greater reliably evoked the release of corticosterone, as reported previconditions, as measured by semi-quantitative integrated densitometric measurements from x-ray films presented in Table 1 . A ously with loud auditory stimulation (15) (16) (17) (18) (19) (20) (21) . The present results, however, oÂer the first clear demonstration of a noise intensity majority (65 ) of the 71 brain regions analysed displayed reliable c-fos induction in one or more of the experimental conditions, dependent corticosterone release function, with a threshold for activation at #90 dB (30 dB above background noise levels). The compared to the naive rats (ANOVAs, P<0.05). Representative examples of c-fos induction in the naive, 60, 80 and 105 dB reduced behavioural activity of rats exposed to the highest noise intensity (105 dB) is also consistent with the results of prior conditions are presented at eight levels of the neuraxis in Figures  3 and 4 .
studies (19) (20) (21) , whereas the lack of behavioural inhibition to 90 dB exposure has not been reported or examined previously. Many of the regions ( 31) quantified displayed c-fos induction above naive levels, irrespective of noise intensity. Thus, simply This dissociation between the behavioural and neuroendocrine eÂects of 90 dB exposure deserves additional attention. The longer placing rats in the experimental boxes in which they had previously been exposed for nine days (60 dB background condition) was sleep duration observed particularly in rats from the 70 and 80 dB conditions provides one of the first report of experimentally suÃcient to reliably induce c-fos in many brain areas that was not statistically exceeded by presentation of louder noise intensitinduced increases in one of various sleep variables by steady state noise of moderate intensity in animals, as has been shown in ies (up to 105 dB, see Table 1 ). This was notable in the amygdala, thalamus and cortex, and a few additional structures in the newborn and adult humans (22) (23) (24) . c-fos was broadly induced in the brains of control rats hippocampus, midbrain, pons and brainstem. This is depicted in repeatedly exposed (10 days total ) to the same experimental dentate gyrus, a number of hypothalamic nuclei including the lateral preoptic area, the medial preoptic nucleus and the paravenenvironment ( 60 dB background noise condition). A quantitatively similar induction pattern was observed in rats exposed to tricular nucleus, the median raphe and the pedunculopontine tegmental nucleus showed particularly strong c-fos induction in moderate noise increments ( 10 and 20 dB above background, in the 70 and 80 dB conditions, respectively), with higher induction one or both stressed groups. These regions can therefore be proposed to be part of a specific brain circuit involved in some in some auditory-related structures of rats from the 80 dB condition. This wide regional c-fos induction in rats exhibiting mild or aspects of stress responsiveness to loud auditory stimulation. In fact, a general role of some hypothalamic regions (besides the no corticosterone and behavioural stress responses is perhaps reflective of processes associated with exploration induced by paraventricular nucleus), the bed nucleus of the stria terminalis, the septohypothalamic/ventral lateral septal area and the raphe transferring rats from their home cages to the experimental environment, diÂering in shape, sound, illumination and smell.
in stress responsiveness is suggested because these regions exhibit c-fos induction in response to other stimuli including hypertonic Alternatively, it is possible that the transfer from the home cage to the experimental apparatus was still mildly stressful, producing saline, swim and restraint ( 4, 11, 12, 14, 26) . Activation of the pedunculopontine tegmental nucleus and the ventral dentate gyrus corticosterone release that could have returned to low levels 60 min after the transfer. Such a mild stress might have induced has not been reported with other types of stimuli, and might therefore be specific to audiogenic stress. feedback inhibition that prevented corticosterone release to moderate noise intensities. Either way, this wide regional c-fos induc-
The first aspect of stress responsiveness to loud auditory stimulation is the reception and transmission of the acoustic tion was not specific to audiogenic stress, and it is therefore possible that some of the c-fos induction previously reported with signal, which was clearly exhibited by the relationship obtained between noise intensity and c-fos induction in a number of other stress conditions (both physical or psychological ), particularly in the amygdala, thalamus and cortex, was also evoked nonauditory structures. c-fos induction in auditory nuclei appears to be specific to audiogenic stress, as activation of these regions has specifically, even in animals repeatedly exposed to the experimental environment (1, 7, 9-11, 13, 14, 25 ) . Because of this, it not been reported with other stressors. Although no attempts were made to determine precisely the auditory subnuclei activated cannot be ruled out that some of the regional c-fos activation obtained by simply transferring rats in the experimental cage with increasing noise intensities, the associated and unaligned sensory nuclei as compared to the main sensory nuclei of the might have masked their specific involvement in audiogenic stress. The lack of diÂerence in c-fos induction between rats displaying auditory pathway appeared selectively active with the louder noises, as indicated by the reliably higher c-fos induction in the longer sleep duration compared to the lower auditory stimulation condition (60 dB background ) might be explained by the delayed external nucleus of the inferior colliculus and the medial division of the medial geniculate body ( 27) . The unreliable noise intensity latency for this behaviour to occur in the session, which might have precluded the observation of peak induction of c-fos mRNA relationship observed in the ventral/dorsal divisions of the medial geniculate body and auditory cortex might be related to a higher at the time of sacrifice ( less than 30 min) associated with this specific behaviour.
percentage of cells displaying non-monotonicity of rate/intensity level functions in these areas, compared to structures in the lower c-fos induction above and beyond that obtained in the moderate noise conditions was observed in some brain regions of rats auditory system ( 28) . On the other hand, a major component involved in stress exposed to the loudest noise intensities (90 and 105 dB). The bed nucleus of the stria terminalis, especially its medial and ventral responsiveness to loud noise stimulation was the neuroendocrine (corticosterone) response which was directly associated with nuclei, the septohypothalamic nucleus, the ventral portion of the F. 3. Photomicrographs from x-ray films exposed for five days following in situ hybridization with an antisense cRNA probe against c-fos mRNA. Animal brain sections from Naive, 60, 80, or 105 dB conditions are represented at four diÂerent levels in the forebrain and diencephalon. Intense c-fos induction is observed in the bed nucleus of the stria terminalis ( BNST ), ventral lateral septum (LS), septohypothalamic nucleus (SHy), preoptic area (PO), and paraventricular hypothalamic nucleus ( PVN ) of rats in the 105 dB condition. Other abbreviations: A, amygdala; AcbS, accumbens, shell; Cg, cingulate cortex; Cn, caudate nucleus; Fr, frontal cortex; I, insular cortex; IL, infralimbic cortex; LO, lateralorbital cortex; Par, parietal cortex; Pir, piriform cortex. strong c-fos induction in the parvocellular region of the paravenand are thus in a position to relay signals initiated by loud noise stimulation. In turn, the septohypothalamic nucleus and closely tricular nucleus of the hypothalamus in rats exposed to the two higher noise intensities. Neurons of the parvocellular region associated ventral lateral septum project to some of the same hypothalamic ( preoptic and supramammillary nuclei ) and stria contain corticotropin-releasing hormone and form the origin of the 'final common path' for activation of the hypothalamoterminalis areas which directly innervate the paraventricular nucleus ( 36) . By far the heaviest projections to the anterior bed pituitary-adrenal axis, ultimately responsible for the release of corticosteroids by the adrenal cortex ( 29, 30) . Induction of c-fos nucleus of the stria terminalis and the ventral lateral septum are from various divisions of the amygdala (36, 37) . Generally, in the paraventricular nucleus is common to most stressors studied (4-7, 9-12, 14, 26) . activation of the amygdala was moderate in all noise conditions, but the lateral nucleus of the amygdala showed significant c-fos Because no direct projections have been reported from auditory structures to the hypothalamic paraventricular nucleus, additional induction in the 105 dB condition (with a trend in the 90 dB condition, P=0.08) compared to the 60 dB background noise relays are required to activate CRH paraventricular neurons by audiogenic stress. Activated structures, particularly those of the condition. The lateral nucleus projects to several basolateral and medial amygdaloid nuclei (38, 39) , and is in turn innervated by hypothalamus (medial preoptic nucleus, lateral preoptic area and supramammillary nucleus) and the anterior bed nucleus of the the medial division of the medial geniculate nucleus ( 40, 41), the last auditory structure to show reliable c-fos induction in the stria terminalis are known to have direct projections to the parvocellular region of the paraventricular nucleus (26, (31) (32) (33) (34) (35) , stressed groups of the present study. Recently, we found that F. 4. Photomicrographs from x-ray films exposed for five days following in situ hybridization with an antisense cRNA probe against c-fos mRNA. Animal brain sections from Naive, 60, 80, or 105 dB conditions are represented at midbrain, pons and brainstem levels. c-fos induction was particularly strong and consistent in the ventral dentate gyrus ( DGV ), supramammillary nucleus (Sm), medial geniculate nucleus ( MGN ), inferior colliculus (IC ), nuclei of the lateral lemniscus ( LL), tegmental nuclei ( Tg) and the cochlear nuclei (CN). Other abbreviations: Oc, occipital (visual ) cortex; PFl, cerebellar flocculus and paraflocculus; PRh, perirhinal cortex; SC, superior colliculus; TB, trapezoid bodies; Te, auditory cortex.
neurotoxic lesions aimed at the lateral nucleus of the amygdala of corticosterone release specifically to audiogenic stress by complete auditory thalamic lesions ( 42) , makes this possibility significantly attenuated the behavioural and neuroendocrine responses to audiogenic stress (Campeau and Watson, unpub- unlikely. It is possible that the activation observed in the tegmental nuclei ( pedunculopontine, laterodorsal ) and the latlished observations). Thus, although incomplete, the data suggest that the lateral nucleus of the amygdala might act as an interface eroventral central gray is associated with the behavioural outcome of audiogenic stress. Clearly, additional studies, includbetween the auditory system and the stress responsive areas of the lateral septum and bed nucleus of the stria terminalis. The ing lesion or inactivation procedures, will be required to determine more precisely the role of the stress responsive areas diÃculty to discern clearly between diÂerent subnuclei of the medial and basolateral nuclei of the amygdala might have prefound in the present study in the neuroendocrine and behavioural responses evoked by audiogenic stress. cluded the finding of reliable induction in some of these areas. A diagram of a putative circuit associated with audiogenic stress responsiveness is presented in Fig. 8 .
Interactions of brainstem and pontine auditory areas with
Materials and methods
other brainstem regions (raphe, pedunculopontine tegmental Subjects area or other areas not investigated in the present study) could
Twenty-four naive male albino Sprague-Dawley rats weighing 250-300 gm play an important role by directly innervating hypothalamic, (Charles River Co., Kingston, NY, USA) were used. They were housed bed nucleus of the stria terminalis or lateral septal areas. light-dark cycle ( lights on at 7.00) and acclimated to the colony rooms 80 dB, 90 dB, or 105 dB were presented to diÂerent groups of rats (n= 4/group). During the 30 min white noise presentation, the behaviour of for a week before the experiments began. The background noise level in the quiet animal colony was #50 dB ( A). All procedures were carried all rats was scored every 10 s in one of the following 5 categories: immobility (freezing posture or sitting posture with head up and no out between 7.00 and 13.00. detectable movement except for breathing), grooming, locomoting, rearApparatus ing, and sleeping (characteristic curled position with tail under body and head on the floor). The rats were then immediately decapitated following The two experimental cages were identical 20×25×30 cm Plexiglas boxes with stainless steel rod floors (2 mm bars spaced 1.2 cm apart, centre to noise exposure, trunk blood was collected and the brains were rapidly removed and frozen in chilled isopentane (−40°C). Four rats that were centre). The boxes were enclosed into a ventilated, dimly lit (20 W incandescent bulb), sound attenuating LeHigh Valley chamber not handled or exposed to the experimental boxes served as naive controls and were decapitated immediately upon removal from the colony room. (53×56×96 cm). White noise (0-20 kHz) was delivered through a Grass AM7 Audio Monitor speaker, which was placed in between, and adjacent Corticosterone radioimmunoassay to the two boxes. The noise was produced by a General Radio RandomNoise Generator ( Type 1390-A). Noise intensity was measured by placing Upon decapitation, trunk blood was collected into ice chilled tubes containing EDTA. Blood samples were centrifuged at 1500 g for 10 min, a Radio Shack Realistic Sound Level Meter (A scale; no. in the boxes with the lid closed. The noise level provided by the LeHigh Valley the plasma was pipetted into 0.5 ml Ependorf microcentrifuge tubes, and stored at −20°C until assayed. chamber's fan and the white noise generator was #60 dB, which will be referred here as the background noise level of the experimental cages.
Corticosterone was measured by radioimmunoassay using a specific rabbit antibody raised in our laboratory, with less than 3% crossreactivity Behavioural procedures with other steroids, including cortisol, deoxycorticosterone, aldosterone, testosterone and progesterone (Dr Dana Helmreich, personal communicaThe rats were handled for 3 to 4 min and placed in the experimental cages for 10 min daily for 9 consecutive days. Twenty-four or 48 h later, tion). Plasma samples were diluted 15100 in 0.05  sodium phosphate buÂer containing 0.25% bovine serum albumin (BSA) pH 7.4, and the rats were placed in the experimental boxes for 60 min. Duplicate samples of 200 ml to which 50 ml of trace (3H-corticosterone; subcloned in pGem3Z (courtesy of Dr C. A. Fox) and cut with HindIII to yield a 680 nt cRNA probe. Riboprobes were labelled in a reaction Amersham 50 Ci/mmol, 10,000 cpm/tube) and 50 ml of antibody (final concentration 1512800) were incubated at 4°C overnight. Separation of mixture consisting of 1 mg linearized plasmid, 1X T7 or SP6 transcription buÂer ( BRL), 125 mCi 35S-UTP, 150 m NTPs-UTP, 12.5 m dithiobound from free corticosterone was achieved by adding 0.5 ml of chilled 1% charcoal-0.1% dextran mixture in buÂer for 10 min at 4°C and threitol, 20 U RNase inhibitor, and 6 U polymerase. The reaction was allowed to proceed for 120 min at 37°C, and probe was separated from centrifuged for 10 min at 3000 rpm. (Sorvall RC-5B). The supernatant was poured into 4 ml scintillation fluid and bound 3H-corticosterone free nucleotides over a Sephadex G50-50 column. Riboprobes were diluted in hybridization buÂer to yield #1.5×106 dpm/30 ml buÂer. The counted on a Packard CA2000 liquid scintillation analyzer and compared to a standard curve (range: 0-80 mg/dl ). All samples were measured hybridization buÂer consisted of 50% formamide, 10% dextran sulfate, 3×SSC, 50 m sodium phosphate buÂer ( pH=7.4), 1X Denhardt's simultaneously to reduce interassay variability; within assay variability was less than 5%.
solution, and 0.1 mg/ml yeast tRNA. Diluted probe ( 30 ml ) was applied to each slide and sections were coverslipped. Slides were placed in sealed In situ hybridization histochemistry plastic boxes lined with filter paper moistened with 50% formamide in 50 m sodium phosphate buÂer, and were subsequently incubated for After rapid decapitation, brains were removed and frozen in isopentane chilled to −40°to −50°C, and stored at −80°C. Ten micron sections 12 h at 55°C. Coverslips were then removed, and slides were rinsed several times in 2×SSC. Slides were then incubated in RNase A were then cut on a Bright cryostat, thaw mounted onto polylysine coated slides, and stored at −80°C until further processed. Slides were fixed in (200 mg/ml) for 60 min. at 37°C, washed successively in 2X, 1X, 0.5X and 0.1×SSC for 5-10 min each, and washed in 0.1×SSC for 60 min. at a buÂered 4% paraformaldehyde solution for 1 h. Tissue sections were then deproteinated with Proteinase K (1.0 mg/ml ) for 10 min at 37°C.
65°C. Slides were subsequently rinsed in fresh 0.1×SSC, dehydrated in a graded series of alcohols, and exposed to Kodak XAR X-ray film. The slides were then rinsed in H 2 O for 5 min, acetylated in 0.1  triethanolamine containing 0.25% acetic anhydride for 10 min, rinsed for Control experiments were performed on tissue sections pre-treated with RNase A (200 mg/ml at 37°C for 60 min.) prior to hybridization; this an additional 5 min in H 2 O, and dehydrated in a progressive series of alcohols. treatment prevented labelling. Alternatively, some control sections were hybridized with the sense cRNA strands, which in all cases did not lead 35S-labelled cRNA probes were generated for c-fos from cDNA subclones in transcription vectors using standard in vitro transcription to significant hybridization to tissue sections. Importantly, three to five slides for a given brain region from each rat methodology. The rat c-fos cDNA clone (courtesy of Dr T. Curran) was Mean integrated c-fos densities were transformed to standard scores and 2 was added to all means to obtain positive values (all standard deviations have units of one). Abbreviations: BNSTm, medial nucleus of the bed nucleus of the stria terminalis; BNSTv, ventral nucleus of the bed nucleus of the stria terminalis; DGv, ventral dentate gyrus; LPA, lateral preoptic area; MPO, medial preoptic nucleus; PPTg, pedunculopontine tegmental nucleus; PVN, paraventricular nucleus of the hypothalamus; RM, median raphe; SHy, septohypothalamic nucleus.
included in the study were processed simultaneously to allow direct Additional one-way ANOVAs were performed at each time period if an overall Condition or Condition×Time period eÂect were initially detected, comparisons in the same regions. Multiple in situ hybridizations were to determine more precisely the source of significant eÂects, with Tukey's thus performed at diÂerent levels of the brain with all animals represented multiple mean comparisons following significant ANOVAs. One-way to reduce the eÂects of technical variations within regions. Sections of all ANOVA was performed on plasma corticosterone levels, followed by a rats in the same region were all exposed on the same x-ray film to further Tukey multiple mean comparison test to determine the source of significminimize variations. Semi-quantitative analyses were performed on digitant eÂects. ized images from x-ray films in the linear range of the gray values For purposes of statistical analysis, the mean c-fos integrated density obtained from our acquisition system ( Northern Light lightbox model B values were transformed to natural logarithm values to reduce between 95, a Pulnix TV camera model TM-745 fitted with a Nikkor 55 mm lens, group variances observed in some regions. One-way ANOVAs were connected to an A/D converter onboard a Macintosh Quadra 840AV, performed on the transformed mean integrated densities obtained from captured with NIH Image v1.59). Signal pixels of a region of interest each region where c-fos mRNA induction was measured. This was were defined as being 3.5 standard deviations above the mean of a cell followed by Tukey's post-hoc multiple mean comparisons to determine poor area close to the region of interest. The number of pixels and the more exactly the source of the diÂerences obtained with the initial average pixel values above the set background were then computed for ANOVA. Statistical significance in all instances was set to P=0.05. each regions of interest, and multiplied, giving an integrated densitometric measure. An average of 4 to 6 measurements were made on diÂerent sections, for each region of interest, and these values were further averaged 
